Little is known about the influence of rotator cuff pathology on sleep. The purpose of this study was to determine which patient-reported factors correlate with sleep disturbance in patients with rotator cuff disease. Methods: A nonrandomized, cross-sectional cohort study was performed to evaluate the effects of rotator cuff disease on sleep quality. Data collected at time zero (before any treatment) included the Single Assessment Numeric Evaluation rating, the American Shoulder and Elbow Surgeons score, the Pittsburgh Sleep Quality Index, patient demographics, and medical comorbidities. Statistical analysis included the Pearson correlation and multiple regression analysis to determine which patient-reported factors were associated with sleep disturbance. Results: Nocturnal pain was reported by 91% of the 391 participants (274 with tendinitis and 117 with rotator cuff tears). Participants had a mean age of 57 years. Pearson correlation coefficients determined that poor sleep quality in one group or both the tendinitis and the rotator cuff tear groups was associated with higher pain visual analog scale scores (0.27 and 0.31; P = 0.004 and P , 0.0001, respectively), depression (0.27 and 0.30; P , 0.01), female sex (0.24 and 0.27; P , 0.001), presence of low back pain (0.25 and 0.27; P , 0.01), diabetes mellitus (0.24 in the rotator cuff tear group; P , 0.01), and increased body mass index (0.22 and 0.27; P = 0.02). Discussion: The status of the rotator cuff did not correlate with increasing symptoms of shoulder pain or with worse sleep quality as measured by the Pittsburgh Sleep Quality Index. These results support the theory that worsening symptoms of shoulder pain may not be clearly associated with rotator cuff disease severity. Conclusion: Worse sleep quality scores in patients with rotator cuff disease are associated with pain, depression, female sex, low back pain, diabetes mellitus, and high body mass index. Overall, sleep quality did not differ among patients with varying rotator cuff disease severity. Only hypertension (in patients with rotator cuff tears) and concurrent cervical pathology (in patients with tendinitis) were uniquely related to the disease classification. Further investigation is needed to better define how these factors interact and influence nocturnal shoulder pain and sleep quality in patients with rotator cuff disease.
S leep disturbance is a common complaint in patients with shoulder disorders. Some physicians hypothesize that sleep disruption and nocturnal pain are often debilitating enough to make patients want to proceed with surgery. 1 Several studies have demonstrated the effect of pain on sleep disturbance, which can have subsequent negative emotional, behavioral, and cognitive effects. [2] [3] [4] [5] [6] [7] Patients with musculoskeletal pain disorders have a high prevalence of sleep disturbance, anxiety, and depression. [2] [3] [4] [5] Sleep has been characterized as a dynamic form of rest allowing for reorganization of neuronal activity and energy conservation. 2 Sleep has an important effect on biologic functions, physiologic recovery and restoration, learning, memory, and cognition. 8 Having ,6 hours of sleep for four consecutive nights has been associated with impaired cognitive performance, altered glucose metabolism and appetite regulation, and weakened function (specifically cognitive ability). 4, 5, 8, 9 According to a consensus statement of the American Academy of Sleep Medicine and Sleep Research Society, regularly having ,7 hours of sleep per night is associated with adverse health outcomes, including weight gain and obesity, diabetes mellitus, hypertension, heart disease, stroke, and depression. 9 The estimated prevalence of shoulder pain in the population is 7% to 34%. 4, 6, 7, [10] [11] [12] [13] Typically, patients with rotator cuff disease seek medical attention because of the onset of pain. However, the incidence of asymptomatic full-thickness rotator cuff tears is high. [14] [15] [16] [17] How the severity of rotator cuff disease affects sleep quality has not been established. The aim of this study was to evaluate the demographic variables, medical history findings, and physical examination factors associated with poor sleep quality in participants with rotator cuff disease.
Methods

Study Design
This cross-sectional cohort study involved shoulder patients diagnosed with either rotator cuff tendinitis (impingement) or a full-thickness rotator cuff tear. After Institutional Review Board approval was obtained, patients with a chief report of pain were asked to complete an eight-page questionnaire regarding shoulder symptoms, sleep quality, and medical comorbidities. Participants were enrolled between September 2013 and March 2014 from a single fellowship-trained orthopaedic surgeon's practice. Questionnaires included the American Shoulder and Elbow Surgeons (ASES) assessment, the Pittsburgh Sleep Quality Index (PSQI) instrument, and the Single Assessment Numeric Evaluation (SANE) score. Pain was assessed using visual analog scale (VAS) scores.
The inclusion criteria were age $18 years and a clinical diagnosis of either impingement or symptomatic full-thickness rotator cuff tear. Exclusion criteria were an inability to complete the questionnaire, lack of a diagnosis of rotator cuff disease, prior shoulder surgery, acute fractures involving the proximal humerus or shoulder girdle, glenohumeral joint instability, other shoulder pathology not involving the rotator cuff, glenohumeral joint arthritis, adhesive capsulitis, rotator cuff tear arthropathy with pseudoparalysis, a documented history of psychotic or mood disorder, current substance abuse, and a diagnosed sleep disorder. The study participants completed questionnaires before any interaction with the treating physician. Additionally, demographic and medical history data were collected for each participant. These data included age, body mass index (BMI), smoking status, prior treatment of the involved shoulder (ie, prior surgery, physical therapy, injections), use of anti-inflammatory medications, the use of oral steroid medications, family history of shoulder disease, and medical comorbidities (eg, heart disease, high blood pressure, lung disease, diabetes mellitus, gastric ulcer, kidney disease, anemia or other blood disorders, cancer, depression, osteoarthritis, back pain, rheumatoid arthritis).
Participants were diagnosed with rotator cuff disease on the basis of both the physical examination and MRI evaluation. Participants were classified into the rotator cuff tear group when (1) the clinical examination revealed a painful arc, weakness to external rotation and/or forward elevation on strength testing, a negative scapular retraction test, and/or a positive lag sign or drop arm sign, and (2) a fullthickness tear was confirmed on MRI. Participants were classified into the impingement group when they had a painful arc in elevation, poor scapular control during shoulder elevation, and/ or positive impingement signs (Neer sign and/or Hawkins sign). We did not classify these participants as having partial-thickness rotator cuff tears because this method of assessing the rotator cuff tendon has only fair interobserver reliability. 18 This study found an observed agreement of 0.46 (kappa, 20.11) when tear grades were assessed, indicating complete discordance between observers. Patients who demonstrated magnification of symptoms with alteration of cervical position or motion were identified as having a cervical contribution to their shoulder pain. Both groups underwent standard shoulder radiographic assessment, including true AP, AP, axillary, and scapular Y outlet views, to evaluate for glenohumeral joint arthritis, fractures, glenohumeral joint dislocation, or other shoulder deformities that would require exclusion from the study. quality. 19, 20 This self-reported questionnaire consists of 19 questions divided into seven subcategories: sleep quality, latency, duration, and disturbance; habitual sleep efficiency; use of sleep medications; and daytime dysfunction. Questions are scored on a scale from 0 to 3, where 0 represents no current issues and 3 represents the worst quality of sleep. The sum of the scores from all seven subcategories yields a global PSQI score ranging from 0 to 21, with higher scores indicating worse sleep. A global sum of $5 indicates "poor" sleep based on prior studies with a sensitivity of 0.90, a specificity of 0.87, and a kappa value of 0.75. 20 The ASES score 19 is a conditionspecific self-reported validated outcome measurement tool used to assess shoulder functional limitations and pain. A score of 100 represents complete absence of shoulder pain and disability. The minimally clinically important difference is 6.4, with a minimal detectible change of 9.7. The minimally clinically important difference for the VAS is 1.4 points. 21 The SANE tool asks patients to answer this question: "How would you rate your shoulder today as a percentage of normal (0% to 100% scale with 100% being normal)?" This shoulder assessment has been validated and well established, with correlation coefficients of 0.77 and 0.69 to the Rowe and ASES scores. 22 
Statistical Analysis
Measures of central tendency and descriptive statistics were used to identify the prevalence of patientreported factors and outcome expectations. In participants with bilateral involvement, the limb rated as more painful or with a lower functional score was used for analysis. For continuous variables, Student t-tests were used to evaluate the difference between the impingement and rota-tor cuff tear groups. For data that failed a Shapiro-Wilk test for normal distribution, differences in values were tested with a Mann-Whitney rank sum test. The difference between groups for both the total PSQI and the individual PSQI components were also evaluated with independent Student t-tests. Nominal data were analyzed for differences with the use of Mann-Whitney tests. The Pearson product-moment correlation coefficient was used to measure the strength and direction of the relationship between the PSQI and continuous variables. A point biserial correlation coefficient represented the relationship between sleep quality scores and any dichotomous independent variable. In both instances, a correlation of 1.0 indicates a perfect positive relationship, whereas a value of zero indicates no relationship. For the purpose of comparison, this correlational analysis was performed for all participants, for participants categorized into the impingement group, and for participants categorized into the rotator cuff tear group.
Based on an expected correlation coefficient of 0.20 with an a probability of type I error of 0.05 and power of 0.80, a sample size of 194 participants was required. Multiple correlation coefficients and coefficients of determination were implemented using a linear regression model that included only factors of significance and had a sample prevalence of $10% and a correlation coefficient with an absolute value of .0.20.
All Student t-test data were analyzed using SigmaPlot version 12.5 software (Systat Software). An online calculator (VassarStats) was used to analyze the point biserial correlations and Pearson product-moment correlation coefficients. An Excel 2010 (Microsoft) data analysis add-in package was used to calculate the linear regression goodness-of-fit model values. The attitudes toward outcome expectations between groups were analyzed using Mann-Whitney U rank sum tests, with statistical significance set at P = 0.05.
Results
Of the 391 participants (209 women, 182 men) enrolled in this study, 207 participants had right-sided involvement, 137 had left-sided involvement, and 47 had bilateral shoulder complaints. The average age was 56.8 years (range, 18 to 91 years). The average BMI was 29.1 (range, 17.4 to 49.5 kg/m 2 ). Participants had a wide range of injury chronicity, ranging from 1 to 1,460 days, with a mean of 592 days from the onset of symptoms.
A total of 274 participants were diagnosed with rotator cuff tendinitis (impingement), whereas 117 participants had MRI findings consistent with full-thickness rotator cuff tears. The mean age of patients in the impingement group was 53.0 years. The mean age of patients in the rotator cuff tear group was 65.5 years. This 12.5-year age difference between groups was statistically significant (P , 0.001). The average BMI of the impingement group was 28.8, and the average BMI in the rotator cuff tear group was 29.7, with no statistically significant difference between groups (P = 0.76). No significant difference was found in mean pain VAS scores between the impingement and rotator cuff tear groups (P = 0.28). Additional demographic information regarding the participants is reported in Tables 1 and 2 . Outcome expectations were statistically significantly different between groups, with more optimism for prevention of future disability, likelihood to return to exercise, symptom relief, and improvement in activities of daily living in the impingement group.
There was no significant difference between groups regarding the expectation to sleep comfortably at night or the likelihood to return to work.
The mean SANE score was 50% for all participants. The rotator cuff tear participants had a significantly lower self-perception of their current functional status compared with the impingement group (SANE scores of 42% versus 54%; P = 0.001). The mean ASES score for all participants was 56. The ASES score was significantly lower in the rotator cuff tear group (49) when symptoms were present on the dominant side (P = 0.004). However, this score showed no statistically significant difference between the two groups when the symptomatic shoulder was on the nondominant side (Table 3) .
Among the participants, 91% reported the presence of nocturnal shoulder pain. The PSQI score, representing sleep quality, had a mean and SD for all study participants of 8.91 6 4.8 (range, 0 to 21). The impingement group had a mean score of 8.66, and the rotator cuff tear group had a mean score of 9.48, but this difference was not significant (P = 0.15). Mean age-adjusted PSQI scores were 8.80 and 8.91 for the tendinitis group and the rotator cuff tear group, respectively (P = 0.55). Only the habitual sleep efficiency element of the PSQI was rated significantly lower in the rotator cuff tear group than in the impingement group (P = 0.001). The rotator cuff tear group took an average of 32.5 minutes to fall asleep at night, whereas the impingement group took 28.2 minutes, a difference that was not significant (P = 0.25). Table  3 provides details on each of the PSQI component indicators of sleep quality.
Multiple demographic factors, musculoskeletal impairments, and medical comorbidities were analyzed for correlation with sleep quality scores. In the impingement group, 12 independent variables had a statistically significant relationship with PSQI scores. Pearson correlation coefficients with an absolute value .0.20 were found for pain VAS (0.31; P , 0.0001), depression (0.30; P , 0.0001), female sex (0.27; P , 0.0001), low back pain (0.27; P , 0.0001), BMI (0.27; P , 0.0001), and cervical involvement (0.26; P = 0.0002). Other factors that significantly affected sleep quality but did not meet the threshold for a fair correlation (r . 0.25) included diabetes mellitus, smoking, workrelated injury, previous corticosteroid injection, hypertension, and osteoarthritis. Factors not associated with worse sleep quality included age, chronicity, ASES score, limited shoulder mobility, biceps tendon involvement, traumatic mechanism of injury, use of NSAIDs, previous physical therapy, and cardiovascular disease.
Nine factors were found to have a statistically significant relationship with worse sleep quality in the rotator cuff tear group. Seven of these variables also had fair correlation coefficients in the impingement group. These seven factors were hypertension (0.29; P = 0.002), depression (0.27; P = 0.002), pain VAS (0.27; P = 0.004), low back pain (0.25; P = 0.007), female sex (0.24; P = 0.001), diabetes mellitus (0.24; P = 0.01), and BMI (0.22; P = 0.02). The diagnosis of cervical involvement did not occur frequently enough to assess its relationship to sleep quality. History of corticosteroid injection and presence of osteoarthritis were statistically significantly related to poorer sleep quality but did not meet the threshold of fair correlation. In contrast to the findings in the impingement group, history of smoking or workrelated injury did not have a statistically significant relationship with sleep quality. As in the impingement group, with the exception of osteoarthritis, the other factors evaluated (ie, age, chronicity, function, mobility, biceps pain, mechanism of injury, NSAID use, physical therapy, and heart disease) did not have a statistically significant relationship with sleep quality (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/JAAOS/A87).
The seven variables that had a fair relationship and were identified as significantly associated with sleep quality in one or both groups were entered into a regression model (Table 4 ). For the impingement group, the seven variables had a multiple R of 0.55 and a coefficient of determination of 0.30, indicating that 30% of the sleep quality score could be explained by these findings. For the rotator cuff tear group, the seven variables had a multiple R of 0.54 and coefficient of determination of 0.29. 
Discussion
Our results demonstrate that the status of the rotator cuff does not influence symptoms of shoulder pain and does not correlate with worse sleep quality as measured by the PSQI. Factors such as female sex, depression, presence of low back pain, diabetes mellitus, cervical involvement, and elevated BMI significantly correlated with worse sleep quality. Interestingly, shoulder-specific factors, such as the presence of a fullthickness rotator cuff tear, did not significantly correlate with worse sleep quality. These results provide evidence to support the theory that symptoms of shoulder pain may not be clearly associated with rotator cuff disease. Specifically, disease severity does not correlate with worsening symptoms. Furthermore, these findings suggest that rotator cuff tears may not be the pain generator and that shoulder pain in these patients may result from another source yet to be identified. Buysse et al 20 first developed the PSQI in 1989 to evaluate sleep quality. It was validated in 2002 by Backhaus et al. 19 The initial description of the PSQI found that age had a negative correlation with subjective sleep quality (r = 20.22; P , 0.05) in healthy control participants. Additionally, Buysse et al 20 found that age and sex were both significant co-variates for global PSQI. The average global PSQI in control participants was 2.67 6 1.70. The authors established a global PSQI score of .5 as a sensitive and specific measure of poor sleep quality. Backhaus et al 19 reported an average global PSQI of 3.3 6 1.8 in 45 healthy control participants and found that this test was a good measure to differentiate participants with good sleep from those with sleep disturbance. Increasing the global PSQI cutoff score to 6 to classify poor sleep quality improved the specificity (sensitivity, 93.4%; specificity, 100%). Our data suggest that this patient population, with a score of 8.91 6 4.8, has poor sleep quality. When the groups were compared, those with impingement did not differ significantly from those with fullthickness rotator cuff tears (impingement group, 8.66 6 4.76; rotator cuff tear group, 9.48 6 5.01; P = 0.15).
To date, only two studies 5, 13 have examined the effects of rotator cuff disease on sleep quality using validated outcomes measures. Tekeoglu et al 13 examined the effect of shoulder impingement on sleep quality to assess the correlation of symptom severity with sleep quality. They reported a statistically significant difference (P , 0.001) in mean global PSQI between participants with impingement (11.57 6 4.34) and healthy control participants (4.82 6 2.66). They also found that shoulder disability measured by the Shoulder Disability Questionnaire correlated with poorer PSQI scores (r = 0.54; P , 0.01). The authors concluded that pain severity was strongly associated with worse sleep quality. 13 These findings are similar to those we found in our study. Specifically, worse pain VAS scores correlated with worse global PSQI scores in the impingement group (r = 0.31; P , 0.0001) and in the rotator cuff tear group (r = 0.27; P = 0.004).
Cho et al 4 studied the effect of shoulder pain present for .3 months on sleep disturbance, anxiety, and depression. The authors compared patients with shoulder pain, including those with rotator cuff disease, adhesive capsulitis, and calcific tendinitis, with age-and sex-matched control participants using PSQI, ASES, and Hospital Anxiety and Depression Scale scores. They found no significant difference between groups when they compared the shoulder pathology groups in terms of mean scores on the VAS, ASES, Hospital Anxiety and Depression Scale, or PSQI (P . 0.05) and no significant difference when comparing these outcomes between those with full-thickness rotator cuff tear and those with impingement and partial-thickness tears (P . 0.05). These findings are similar to the results reported in our study. Similar to our results, Cho et al 4 found that the VAS pain score correlated with worse PSQI, and multiple logistic regression analysis demonstrated that shoulder pain was a strong predictor of sleep disturbance (P , 0.001).
In attempts to determine which factors affect sleep in patients with shoulder pathology, Werner et al 23 examined the influence of sleep position on subacromial pressure. The authors hypothesized that high subacromial pressures negatively influence intramuscular blood flow to the rotator cuff, leading to propagation of degenerative changes, atrophy, and tear progression. This study examined four sleeping positions (supine, prone, lateral decubitus, supine with the shoulders abducted). They found that people sleeping in a supine position had significantly lower subacromial pressures than those sleeping in a prone or lateral decubitus position (P , 0.005). The results suggest that sleeping position may correlate with sleep quality in patients with rotator cuff disease. This study provides a possible explanation for patients' common report of inability to sleep on the affected shoulder because of worsening pain, causing sleep disruption. Furthermore, if subacromial pressure is a substantial factor in generating nocturnal pain, then a full-thickness rotator cuff tear may have a protective effect because the presence of a tear allows communication of the subacromial space with the glenohumeral joint space, thereby dissipating the increased pressure influenced by sleep position. Dunn et al 14 found that pain symptoms did not correlate with rotator cuff tear severity in a level III prospective cohort study of 393 participants with atraumatic fullthickness rotator cuff tears. In multivariable modeling analysis, the authors found that increasing medical comorbidities (P = 0.002), lower education level (P = 0.004), and race (P = 0.041) were the only significant factors associated with shoulder pain at the time of presentation and that no measure of rotator cuff tear severity (ie, tear size, fatty atrophy or infiltration) correlated with symptoms (P . 0.25). These results indicate that the status of the rotator cuff tendon itself may not be the factor that is related to pain symptoms. The findings reported by Dunn et al 14 are consistent with our findings that the extent or type of the rotator cuff tendon damage did not correlate with global PSQI results.
Our study has several limitations. First, the fact that these patients were all enrolled from a single surgeon's practice may have introduced some selection bias. Performing a multicenter study may make the results more generalizable. Second, the results are based on outcome questionnaires collected at a single time point before any clinical treatment or intervention was performed. This study design means that we cannot draw any conclusions regarding how treatment may influence these findings. Finally, how the independent factors identified in this study may be interrelated and whether multicollinearity may have influenced the results of the linear regression analysis are unknown.
The strength of this study is that patients with rotator cuff disease were evaluated with validated patient self-assessment measures before treatment intervention, providing a snapshot of the factors that drove these patients to seek medical attention. This study design allows for an unbiased examination of how patients with rotator cuff disease experience shoulder pain and how the disease may affect sleep quality.
Conclusion
Factors that were significantly correlated with worse sleep quality were female sex, depression, low back pain, diabetes mellitus, cervical involvement, and elevated BMI. The degree to which these factors influence one another is unknown. Further investigations should be conducted to better define how these factors interact and what effect they have on nocturnal shoulder pain and sleep quality in patients with varying severity of rotator cuff disease.
